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Introduction
In human diets, fish present a significant place 
as a biologically valuable food. Because of their nu-
tritional value, fish meat and fish products have an 
important role in proper nutrition and health pro-
tection for all categories of people (Sidhu, 2003). 
Fish’s nutritional value is primarily reflected in eas-
ily digestible proteins that have a high content of 
essential amino acids, the high content of ω-3 poly-
unsaturated fatty acids, and low fat and cholesterol 
contents. Fish also contains other nutritional ingre-
dients (vitamins, minerals) important for human nu-
trition (Kminkova, 2001). On the one hand, fish has 
favorable influences on brain activity, prevention 
and reduction of cardiovascular diseases, inflamma-
tory joint processes, and prevention and treatment 
of cancer (Mayneris-Perxachs et al., 2010). On the 
other hand, fish, like other foods, can endanger con-
sumers’ health when it contains harmful chemical 
compounds. Hazards from the group of industri-
al-chemical pollutants include toxic metals and or-
ganic chemical contaminants (Elia et al., 2007). In 
order to protect consumer health, the amount of tox-
ic metals in food and in fish is limited by regulation 
in most countries. The regulations primarily refer to 
mercury, lead, cadmium and arsenic, and in some 
cases to other elements such as zinc, tin, copper and 
iron, the quantities of which are limited in in canned 
fish products. However, industrial development and 
inappropriate environmental measures have result-
ed in increased presence of toxic metals in the envi-
ronment (Kosior et al., 2018). Increased concentra-
tions of metals, mostly mercury, lead and cadmium, 
were recorded in freshwater fish from open waters, 
as a result of the fact that metal concentrations in 
water are positively correlated with their concentra-
tions in fish tissue (Castro-Gonzalez et al., 2008). 
Numerous studies indicate that the concentrations 
of these metals in different types of fish are beyond 
permitted levels (Has-Schön et al., 2015, Andreji et 
al., 2006, Jovanovic et al., 2017), and so could en-
danger human health. High contents of toxic metals 
in fish can reduce the cardiovascular effect of fish 
consumption, and these compounds are associated 
with serious adverse effects on the health of chil-
dren and adults (Yoshizawa et al., 2002).
The aims of this study were to determine the 
contents of seven elements in the muscle tissue of 
Prussian carp caught from lakes near Belgrade, 
Serbia, to determine whether the fish was safe as a 
food for human consumption, and to consider the 
state of the ecosystems with respect to the metals 
studied.
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Materials and methods 
Study Area and Sampling 
Fish were collected from seven different lakes 
near Belgrade, Serbia. Lakes Rabrovac, Markovac, 
Ocaga and Grabovac are located to the south of the 
city, while Becmen, Veliko Blato and Mokri Sebes 
are positioned along the geographical longitude 
north of Belgrade. These locations were selected be-
cause of their proximity to important European riv-
ers, the Sava and Danube (which both carry substan-
tial quantities of wastewater), as well as proximity to 
the urban zone of Belgrade (Figure 1). The fish were 
caught by professional fishermen at the end of 2017. 
Analysis
In order to determine elements in 49 (seven 
from each lake) muscle tissue samples of Prussian 
carp (Carassius auratus gibelio), all individual fish 
in each fisherman’s haul were identified to species 
level, and a random sub-sample of 7 individuals at 
each location was used for metal analysis. Fish were 
euthanized with an overdose of MS 222 (ethyl es-
ter of p-amino benzoic acid, Sigma Aldrich), and 
then transported to the laboratory in a refrigerated 
truck. Fish were dissected, and muscle (ca. 200 g) 
below the dorsal fin was stored for metal analyses in 
polypropylene vials previously pre-cleaned with ni-
tric acid (10%) and rinsed three times in deionized 
water, and then quickly frozen and stored at −20 °C. 
Fish muscles were defrosted at room temperature 
and mechanically homogenized. 
For the determination of elements (Pb, Cd, Hg, 
As, Cu, Fe and Zn), fish muscle portions of 1±0.001 
g were weighed out. All chemicals used were of an-
alytical grade purity. Fish muscle was digested us-
ing a microwave closed system (MW 3000, Anton 
Paar GmbH, Graz, Austria). Digestion was car-
ried out with a program suitable for preparing sam-
ples of fish meat. After digestion, the content of el-
ements was determined by the atomic absorption 
spectrometry (Perkin Elmer Analyst 700 with the 
MHS system, Shelton, USA). Quality of analyses 
was controlled using the certified reference material, 
ERMBB422 fish muscle. The concentrations deter-
mined in the reference material were within the tol-
erances specified in the delivered certificate.
The element concentrations in fish meat (i.e., 
muscle) were compared with the maximum al-
lowed concentrations (MAC) in fish meat for utiliza-
tion in human diets, as established by the European 
Union (European Commission Regulation, 2006) 
and the Republic of Serbia (Official Gazette of RS, 
2014). According to the EU legislation (European 
Commission Regulation, 2006), the MACs for Pb, Cd, 
Figure 1. Map of fi sh collection sites (www. https://earth.google.com)
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Hg are 0.30, 0.05 and 0.5, mg kg−1 w/w, respectively. 
The national legislation (Official Gazette of RS, 2014) 
is in accordance with the European Commission reg-
ulation although it has an additional regulatory MAC 
for As, with MACs for Pb, Cd, Hg, and As being 0.30, 
0.05, 0.5, and 2.0 mg kg−1 w/w, respectively.
All fish muscles were collected and ana-
lyzed in duplicate, and the results are expressed as 
mean±standard deviation. Statistical analysis was 
elaborated using GraphPad Prism version 7.00 
software. Statistical analysis was performed us-
ing Student’s t-test to determine the significance of 
differences between means. A significance level of 
P<0.05 was applied.
Results and Discussion
Element concentrations in muscle tissue of 
Prussian carp caught from three lakes north of 
Belgrade are presented in Table 1. The concentrations 
of Pb, Hg and Cu was significantly higher in mus-
cle tissue of Prussian carp from Veliko Blato than 
the other sites (P<0.05). Levels of Fe were not sig-
nificant different between Becmen, Veliko Blato and 
Mokri Sebes (P>0.05). The Zn concentration was 
significantly different (P<0.05) in different sites and 
ranged between 5.93±0.10 mg kg−1 (Mokri Sebes) 
and 7.91±0.26 mg kg−1 (Becmen).
The concentration of lead, cadmium, mercu-
ry, arsenic, copper, iron and zinc in Prussian carp 
caught from Lakes Rabrovac, Markovac, Ocaga 
and Grabovac to the south of Belgrade are shown 
in Table 2. Concentrations of Pb, Cd, Hg, As, Cu, 
Fe and Zn in muscle tissue of the Prussian carp 
from Rabrovac were 0.068±0.004, 0.066±0.002, 
0.126±0.005, 0.202±0.005, 0.714±0.010, 7.72±0.12 
and 6.44±0.10 mg kg−1, respectively. Similar metal 
concentrations were found in fish muscle from Lake 
Markovac. No significant differents were found in 
muscle tissue of the Prussian carp from Rabrovac 
Table 1. Element concentrations (mg kg−1; X±Sd) in muscle tissue of Prussian carp from three examined 
lakes north of Belgrade
Metal concentration, 
Lake
Bečmen Veliko Blato Mokri Sebeš
Pb 0.036a±0.004 0.043b±0.003 0.038a±0.002
Cd 0.066a±0.004 0.065a±0.005 0.059b±0.004
Hg 0.148a±0.023 0.223b±0.017 0.194c±0.008
As 0.240a±0.006 0.255a±0.033 0.276b±0.015
Cu 0.868a±0.018 0.875a±0.014 0.792b±0.012
Fe 7.76a±0.27 7.42a±0.25 7.26a±0.10
Zn 7.91a±0.26 6.45b±0.31 5.93c±0.10
Legend: Means (between the same elements from the diff erent sites) within a row with the same letter are not signifi cantly diff erent. 
a, b, c P<0.05
Table 2.  Element concentrations (mg kg−1;X±Sd) in muscle tissue of Prussian carp from four examined lakes 
south of Belgrade
Metal
Lake
Rabrovac Markovac Očaga Grabovac
Pb 0.068a±0.004 0.064a±0.005 0.026b±0.005 0.035c±0.004
Cd 0.066a±0.002 0.061a±0.002 0.053b±0.003 0.061a±0.009
Hg 0.126a±0.005 0.119a±0.008 0.096b±0.005 0.331c±0.025
As 0.202a±0.005 0.190a±0.004 0.135a±0.003 0.278a±0.029
Cu 0.714a±0.010 0.707a±0.011 0.789a±0.021 0.667b±0.044
Fe 7.72a±0.12 7.30a±0.08 7.48a±0.68 7.00a±0.14
Zn 6.44a±0.10 6.29a±0.16 10.24b±0.45 5.32c±0.40
Legend: Means (between the same elements from the diff erent sites) within a row with the same letter are not signifi cantly diff erent. 
a, b, c P<0.05
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and Markovac (P>0.05). The concentrations of Pb, 
Cd, Hg and As were significantly lower in muscle 
tissue of the Prussian carp from Ocaga than concen-
trations of these metals from Grabovac, Markovac i 
Rabrovac. The major pollutants from these localities 
were Fe and Zn (P<0.05). 
The level of element bioaccumulation in fish 
tissues depends on various biotic and abiotic factors, 
such as fish biological habits, chemical form of met-
al in the water, water temperature, water pH, con-
centration of dissolved oxygen in the water, as well 
as sex, age, body weight and physiological condi-
tion of fish (Has-Schön et al., 2015). The content of 
elements in fish tissues varies, and is most often ex-
amined in muscle tissue, gills, liver, digestive tract 
and kidneys. We decided to determine the contents 
of elements in fish muscle tissue because it is of the 
greatest interest due to its use in human nutrition, 
and it also speaks to the state of the environment. 
Additionally, the Prussian carp, as an omnivorous 
fish, is an excellent biological indicator of environ-
mental pollution (Zrncic et al., 2013).
Lead in the Prussian carp muscle tissue, from 
fish landed from four investigated lakes south of 
Belgrade, showed the greatest variation among the 
examined elements. The lead content in the Prussian 
carp meat probably depends, to a large extent, on the 
catch location of these fish, and it was almost three-
fold greater in fish from two of the southern lakes than 
in the carp meat from the two other southern lakes. 
On the other hand, north of Belgrade, the lead con-
tent in the carp meat did not vary greatly between the 
lakes. The lowest lead content recorded in the mus-
cle of locally-harvested carp was from the Danube 
upstream (west) from Belgrade, while similar levels 
as ours were found in muscle tissue of carp caught in 
the Danube downstream of Belgrade (0.014 mg kg−1; 
0.048 mg kg−1, respectively) (Milanov et al., 2016, 
Ivanovic et al., 2016). All measured lead contents 
in fish meat from the Belgrade region in the cur-
rent study were significantly below the MACs of 
0.30 mg kg−1 (Official Gazette of RS, 2014, European 
Commission Regulation, 2006). Higher contents 
(0.95–1.30 mg kg−1) of lead were recorded in carp 
muscle tissue from Busko blato Lake in Bosnia and 
Herzegovina (Has-Schön et al., 2015), and such high 
levels indicate that the living world in lakes can be a 
good indicator of the state of the environment. High 
lead levels in the environment are most often derived 
from metallurgical fabricators, textile industry, bat-
tery production, gasoline additive (tetraethyl lead) 
and insecticides (based on lead arsenates). The high 
content of lead in the muscle tissue of all sorts of fish 
can be explained by their feeding habits, as they re-
side at the bottom and feed on benthic organisms. 
Therefore, the fish are in constant contact with sedi-
ment and accumulate a relatively high amount of el-
ements that reliably reflect the ecological state of the 
water environment (Wei et al., 2014).
The highest content of cadmium was deter-
mined in the muscle tissue of Prussian carp caught 
from Lakes Rabrovac and Becmen, and these lev-
els were significantly higher than in carp from 
Lake Ocaga. All mean levels of cadmium in carp 
meat were above the MACs  of 0.050 mg kg−1 
(Official Gazette of RS, 2014, European Commission 
Regulation, 2006). Lower concentrations  of cad-
mium than ours were found in the muscle tissue 
of Prussian carp caught in a lake in Bosnia and 
Herzegovina, and in the muscle tissue of Prussian 
carp from the Neretva river, in the order of 0.01 mg 
kg−1 and 0.045 mg kg−1, respectively (Has-Schön et 
al., 2015). Almost identical cadmium levels, 0.058 
mg kg−1 to 0.067 mg kg−1, were determined in the 
muscle tissue of omnivorous fish from fishponds 
around Belgrade (Janjic et al., 2015). The high con-
tent of cadmium in fish muscle can be attributed to 
the migration of this elements from sludge to fish, 
because it is known that bottom-feeding fish look-
ing for food plunge into sludge. This is particular-
ly pronounced if cadmium is released from industri-
al systems such as those located near Belgrade, i.e., 
Obrenovac south, and Pancevo north of Belgrade, 
which can lead to high contents of metals like cad-
mium both in water and in living organisms includ-
ing fish. Also, as cadmium is present in fertilizers 
(especially phosphate), and is an integral part of 
fungicide (in the form of cadmium succinate), in-
creased cadmium content in muscle tissue of fish 
can be of plant origin and is due to agricultural ac-
tivities near water (Dubovina et al., 2018). Cadmium 
accumulates at all levels of the food chain and its 
occurrence in the environment causes pollution of 
water and soil, and enters the food chain through the 
root of the plants (Galal, 1993). The cadmium lev-
els obtained in our current study from the Belgrade 
region varied widely, indicating the current concen-
trations of this element could be increasing, and it 
would be useful to introduce cadmium monitoring 
in fish, rivers and sediments around Belgrade.
In all examined Prussian carp, mercury con-
tents varied only slightly, except for fish from 
Lake Grabovac (0.331 ± 0.025 mg kg− 1), south of 
Belgrade. As with lead, larger variations in mercury 
were observed in fish from the southern lakes than 
in those from the northern lakes. In other recent 
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research on mercury in Prussian carp muscle, in the 
Danube, upstream from Belgrade, higher mercu-
ry levels (0.327 ± 0.110 mg kg−1) were established 
(Milanov et al., 2016). Also, in the Danube down-
stream of Belgrade, similar mercury concentrations 
(0.24 ± 0.05 mg kg−1) to ours were recorded in the 
muscle tissue of omnivorous fish, which indicates 
that the location of the catch affects mercury lev-
els in fish (Ivanovic et al., 2016). Regardless of the 
moderate or low level of contamination of these wa-
ters with mercury, the content of this elements can 
be significant in fish meat. This can be interpreted 
as reflecting the ability of mercury to concentrate 
in fish flesh. The biological regulation of mercury 
in fish and its detoxification is such that the content 
of mercury in fish increases mainly with the age, 
so the meat of older fish tends to have accumulated 
larger amounts of mercury. Increased mercury lev-
els in the environment are mainly of anthropogen-
ic origin and due to industrial discharges. Although 
mercury is one of the most toxic metals in the envi-
ronment, in all our examined samples of fish meat, 
recorded concentrations were below the MACs pre-
scribed (Official Gazette of RS, 2014, European 
Commission Regulation, 2006).
The highest concentrations of arsenic in 
Prussian carp muscle were found in fish from lakes 
north of Belgrade, except Lake Grabovac, and these 
levels were statistically significantly higher (P<0.01) 
than in fish from the lakes south of Belgrade. It is 
interesting to note that arsenic and mercury con-
centrations in the fish from the four lakes south of 
Belgrade decrease in the same order (Grabovac > 
Rabrovac > Markovac > Ocaga). On the other hand, 
muscle tissue of carp from a lake near Belgrade con-
tained a proximate level of 0.378 mg kg−1 of arsenic 
(Janjic et al., 2015). We noticed dissipation of our 
established arsenic concentrations in the carp, indi-
cating the catch location has an impact on the arse-
nic in muscle tissue of the fish.
Comparing copper concentrations in the fish, 
no statistically significant differences were found, 
although higher concentrations were measured in 
fish from northern lakes than in those from south-
ern lakes. This uniformity of copper levels could be 
linked to the important role this metal plays in all liv-
ing organisms, including fish. The copper contents 
in Danubian Prussian carp muscle were almost iden-
tical to ours and were in the interval 0.809 mg kg−1 
to 0.824 mg kg−1 (Jovanovic et al., 2017). 
Zinc and copper were present in muscle of 
Prussian carp from lakes south of Belgrade in de-
creasing concentrations in the order Ocaga > 
Rabrovac > Markovac > Grabovac. The highest con-
centrations of zinc (10.24 ± 0.45 mg kg−1) were in 
Prussian carp muscle from Lake Ocaga, and concen-
trations here were significantly higher (P<0.01) than 
in fish from other lakes. The zinc contents show that 
catch location has a major influence on the great-
ly differing content of this metal in the fish meat. 
Multiple-fold higher zinc concentrations were found 
in muscle tissue of Prussian carp (82.5 ± 2.0 mg kg−1) 
and bream (62.5 ± 1.3 mg kg−1) compared to our re-
sults (Pantelica et al., 2012). Higher zinc concen-
trations were recorded in muscle tissue of Prussian 
carp from the Danube near Belgrade, with lev-
els ranging from 10.26 mg kg−1 to 11.16 mg kg−1 
(Jovanovic et al., 2017). Zinc in the environment 
most often comes from industrial zones, and in the 
Earth’s crust, it is a constituent of rock, minerals and 
certain carbonate sediments. 
Iron concentrations, regardless of the location 
of the catch, did not greatly vary in our Prussian carp 
muscle tissue. Iron concentrations were in the range 
of 7.00 ± 0.14 mg kg−1 (Grabovac) to 7.76 ± 0.27 
mg kg−1 (Becmen), and there were no statistical-
ly significant differences between lakes. Proximate 
iron contents in muscle tissue of Prussian carp from 
the Danube near Belgrade ranged from 7.25 mg kg−1 
to 8.05 mg kg−1 (Jovanovic et al., 2017). Iron, cop-
per and zinc do not have defined MACs in fresh 
fish meat in Serbia or the EU (EU Regulations, 
Regulation of Republic of Serbia).
Conclusions
The high concentrations of non-essential el-
ements (cadmium) can be explained by anthropo-
logical influences, largely industrial development, 
discharge of waste water, and the subsequent in-
creased element content in sewage sludge. On the 
other hand, the contents of lead, mercury and arse-
nic in fish muscle were below the MACs prescribed 
in Serbia and the EU. The Official Gazette of the 
Republic of Serbia does not define MACs for Cu, Fe 
or Zn in fresh fish, so the results obtained by quanti-
fying these metals can be interpreted freely. Results 
of this study show that continuous monitoring of the 
state of aquatic ecosystems is required, along with 
the introduction of efficient wastewater treatment 
and control of potential industrial polluters. On the 
territory of Belgrade and throughout Serbia, these 
necessary environmental protections are basic meas-
ures that would improve the existing situation in the 
water ecosystems of lakes near Belgrade that are im-
portant for fishing.
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